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Bono laiiioi’al i;j lui.it dxirinc lied v->:it (l-ji). 'i'lii;: linx: l.(,!r'u ru-.-ui,- 
forraed in previous st\idios here in eleven normal males v;lu) reiaaiiioa 
horizontal x’or up to weeks of continuous bod i*cst (J,5)« CalciiLa 
loss from the skeleton as a whole was measured by balance technic;* and 
averaged O.'j/i of total body calcium per month. Tenfold fjrcutcr rates 
of loss from the central portion of the calcaneus v;cre observed by cajiana 
ray transmission scanning. It is therefore likely that during bed rest, 
weight bearing bones lose mineral more rapidly tljan oj..hcr portions of 
the skeleton. Remineralization occurs during reambulation at a rate 
similar to the rate of loss during bed rest (4,f;). 

I»Iineral loss during bed rest in probably due to a reduction iii the 
forces v/hich are applied to the skeleton dia'ing normal activity 
Those one "G" homeostatic forces arc also absent in the hypogravic en- 
vironment of space flight. Loss of bone mineral during space flight 
has been expected on theoretical grounds and has been confirmea recently 
(10-11). This factor will prove hazardous to astronauts on flights of 
long duration, not only because of the risk of xraoture in demiiu’ral- 
ized bones on return to earth, but also because hyi)crcalciuria might 
lead to the formation of renal calculi. 

The need to reduce these hazards has led to a series of oxperi- 
nento. Bed rest was employed as an analogue of weightlessness . On the 
basis of available information, initially tv/o rcydmens were selected to 
bo tested for effectiveness in prc-vcntlng mineral loss, lilght healthy 
adult males underwent t’^4-30 weeks of continuous bed re;jt. Tlireo were 


treated vriLth an exorcise regimen desigriod to resemble normal ambulatory 
activity (6), and five were fed supplemental potassium phosphate (12). 

In each subject the results from a 12-week period on therapy were 
compared with those from one or more control (untreated) bed rest periods. 

Treatment with potassi\im phosphate supplements (1327 mg P/day) 
entirely prevented the hypercalcitiria of bed rest, but fecal calcium 
tended to increase. Mineral loss from the central calcaneus was similar 
to that of untreated subjects (l4). 

The exercise program which made use of the Exer Genie apparatus in- 
cluded a total of 80 minutes of supine exercise dailyj 50 minutes involv- 
ing the legs. The usual negative calcium balance v;as seer, in spite of 
the exercise regimen. The loss of mineral from the calcaneus as measured 
by gamma ray transmission scanning was not diminished either. 

It is possible that the exercise program did not have any benefi- 
cial effect because the forces which could be generated by voluntary 
muscxilar effort were not great enough in magnitude or duration to trvoly 
resemble those during normal ambulation. (However, even a severe exer- 
cise regimen performed in space did not prevent bone mineral loss or 
negative calcivun balance (11).) 

Therefore, several additional studies v/ere developed to attempt to 
modify both the negative calcim balance as well as the calcaneal 
mineral loss seen with prolonged bed rest. 


UW'IERAL METHOD;? MATERIALS 


M-"t:iouli-.‘ Ui it Ph.v.-i'.-MT Pl.'mt ; 

The Metabolic Unit is located in the southeatst wing of the U.S. 

PHS Hospital in San IT-ancisco. The 10-bed ward ia dividca into 5 
double rooms. Each room is equipped with a sink, television, radio 
and stereo record player, and 3 rooms have air conditioners and toilets. 

A centrally located nursing station contains adequate desk space and a 
medicine closet with a refrigerator. The utility room contains a washer 
and drier and a refrigerator. The Metabolic Kitchen is completely 
equipped for preparing lueasured diets with balances, a freezer, a 
refrigerator, a stove, a dishv/asher, and distilled water. The Metabolic 
Laboratory consists of 2 rooms with facilities for balance studies in- 
cluding two freezers, a muffle furnace, an atomic absorption spectro- 
photometer, a Tcohnicon autoanalyzer, distilled water, and miscellane- 
ous equipment. In addition to adequate sl.oi’age space, thei'c arc 
individual offices for the director, the dietitian, the head nurse, 
the research fellov/ or research associate, and the secrotai’y. 

Sub.jects ; 

Healthy male volunteers aged 19-31 v’ere equilibrated on the metaboll 
diet for 1-2 weeks and then studied during a 4-6 week baseline ambula- 
tory period without restrictions on their level of activity. Sub,)(?cts 
spent the next 3-24 weeks in bed; movements in the horizontal plane 
were not restricted and tliey were allowed to raise thomselvos on one 
elbow for eating and rending. Defecation and micturition wore performed 
while supine. The subjects were observed frequcntl;, by the nursing 
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stnfi’ throu^Oiout each iiU-hour period and never lex'L th.; Metaijoll<.‘ V.-a-d 
without a utuff member in attendance. During bed rest, the aubjeets 
v;ero required to remain in bed or on a stretcher at all times. Thoi 
• were not allowed to sit up or dangle their legs over the bed. 

Balanced Diet: 


A palatable food diet v/as provided. This was usually composed oi 
seven daily menus (3 meals and an evening snack) which were i-otatod 
randomly each week and which provided a relatively constant daily intake. 
All foods, except for some staples, sort di'inks and meats wore pui-chased 
in conmon lots prior to each study section to assure maximum constancy. 
Canned whole milk and frozen homogenized eggs wore used, and fresh foods 
were avoided. Standard methods of cooking including stoa::iing, baking 
and boiling were used. Distilled water was used for foal preparation, 
drinking and rinsing utensils. Individual portions of food wore weighed 
on a Mettler Balance. The subjects were required to eat all of th.e 
food served to them. At the end of each meal, the subjects cleaned 
their plates with a spatula, v/ith broad or by licking, and drank a 
small quantity of distilled water used to rinse tlicir glassv/nrc. All 
dishes and utensils used in the study were washed in a disliwashor wilh 
a distilled water rinse. Tooth paste used by the subjects was Iroc oi 
mineral except silica. 

Analyses in duplicate of the diet wore obtained at intervals dur- 
ing the study (the number dependinjj on the length of the study). For 
tliis purpose an additional serving of each menu was weighed and prepared 
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throutlhoul tliC '[ dci.Y poriod. Tiioao lU' •dL;: wciv ]'ool<'d. In ;ii' , 
and aliquots were stored for mineral analysis at Uie end oi‘ each study. 
Medication included one hoxavitamin tablet dally v.hi -h was i-e; un 
' on the first day of ociuilibration. Other modieat.loiis Jiiolud': 

dicctyl sodium suli’o-suoclnate (Colaoe) 0-300 mjv'day; oceas ivnial 
aspirin, up to 600 iiu', and paeudoophodrine, 6o nin (r.enoral ly less tnan 

once weekly ) . 

Startint' iu 197'1> polyethylene p.ly col h(\'U was used as a : ti iul 
murker; 500 rin’; y'iven (?aeh 8 hours Uiruuj'lH^ut tin' eoursi’ v'i Uk> siiui,', . 

Tlie drutj has been approved for experimental \ise by tl;e i’DA undei 1111) 
#7781. (Kindly supplied to us by Sandos Pi'oduets Limit'’d, ‘''e 'i’lie C..;ilre, 
Fcltham, Middlesex, TV.M3 Enel and •. ) Pulyel.hyleiu' glycol has b.’eti 

stxidied extensively in animal and hxuiian subJeeLs without ilemenstralle 
toxicity. 

Body Measuremi.-tits ; 

Daily or weekly weights wore obtained usinc; an Acme in-bea scale. 
Purli-ji' bed rest tlie wci^dit was taken In i.ho supine po.*jtion. 

Borxuiu gtool, and Urine Collections ; 

Balance periods were 7 days in duration. Tliii’ty-iive !iil ol bli.'od 
were drawn in the fastini,; state once each week iti studies with bed r. st 
lastinc 6 v/eeks or less, and once every 1^* days with l)cd rest stnd.Les 
lasting more than 6 weeks. Twenty-four hour urines wvre eoili'ct.-d 
daily, ncidiried wibli 1 ml of 1.- normal lICL/100 ml oJ’ urin.', and ctor.ai 
at C. Total creatinine content of each daily hour urine was, 
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was determined at the end of each 7 day pci'iod. For cadi subject, the 
7 creatinine values were averaged and any value which was greater than 
10% from the mean was assumed to represent a collection error and dis- 
carded; 6% of all daily specimens were discarded in this fashion. For 
each subject, the remaining urines v/ere combined inao a pool represent- 
ing the 7 dsy period and an aliquot was stored at -22° C. Seven day 
collections of stools were obtained without markers in studies 1-2 and 
id.th a continuous marker, polyethylene glycol UOOO, for studies 3-5* 

The stool collections began and ended 16-24 hours after the start and 
finish of the weekly urine periods to provide a partial correction for 
intestinal transit time. 

Stools were collected in bedpans lined with mylar film and were 
subsequently transferred with distilled water rinsing into (unused) 
epoxy-lined 1-gallon (paint) canisters and refrigerated. Upon comple- 
tion of the 7 day collections the stools were further diluted with 
distilled water and 300 ml glacial acetic acid to a final weight approx 
imately three times the initial weiglit. They v/ere homogenized for 
30 minutes on a paint shaker, and an aliquot was stored at -22° C for 
subsequent ashing. 

Sweat mineral determinations were not performed during these ex- 
periments. A mefui value determined from previous sweet collection and 
analysis (*4,12) was used for mineral dermal loss in computing mineral 


balance. 


Aahlnf.': of Stool and Plot : 


Three methods were employed in stool and diet xirep.iration (U,5). 
Muffle furnace ashing was used to prepare material for calcium and 
’ magnesivua analysis. Sulfuric acid digestion v/as the only method found 
acceptable for nitrogen analysis; solutions prepared in this manner 
were also analyzed for phosphorus. Calcim and magnesium analyses 
usi”3 nitric acid digestion were done to confirm muffle furnace data. 
When the results did not agree within 5 percent, additional determin- 
ations were performed. 

For the muffle furnace ashing, a weighed aliquot of diet or stool 
homogenate (approximately 20 gm) was ashed in a covered crucible at 
575° C for 72 hours in a muffle furnace. The residual was reconsti- 
tuted viith 2 ml concentrated HCl, 2 ml concentrated NHi^OH, and 1 i.il 
H2O, followed by throe washes of 5 wl of 0.6 normal HCl. Recovery of 
added calcium was ±3.1 percent (± SD) and that of added phosphorus 

98.4 ± 2.7 percent. 

Sulfuric acid digestion was performed as follows: an aliquot of the 
homogenates (approximately 4 gm) was placed in a tared 100 ml volxmictric 
flask and weighed. Twenty ml of concentrated sulfuric acid and 2 selon- 
ized granules were added. The solution was boiled for approximately 
2 hours, resulting in a fine suspension of brovmish material. Recovery 
of added tirea nitrogen was 97*8 ± 2.1 percent and that of phosphorus 

100.4 ±2.4 percent. 


Nitric acid dineotlon wac carricu out in a alinilur iiiaiiiior. A 
quantity of homogenate (approximately 2 ^jm) was placed in a tared IGO 
ml volumetric flask and weitihed. Ten ml of 90 percent IINO^ and 4 boil- 
’ ini' beads were added. Bolling for approximately 5 minutes at maxiuial 
i. • ! on a Kjedahl burner resulted in a clear solution of about 1 ml 
volume. The solution was diluted to 100 ml with distilled water and 
analyzed for calcium and magnesium. Recovery of added calcium was 
100.4 ± 2.4 percent. 

La boratory Determinations ; 

Calcium (4,5) was determined by atomic absorption epeetr opho'-ometry 
on an automated Perkin-Elmer Model 303 j using 0.25 percent lanthanum 
as an electron flux stabilizer and Harlcco calcium standard solution C 
( 15 , 16 ). Magnesium v;as also analyzed by atomic absorption specti'ophoto- 
metry, using magnesluin chloride in water as a standard (I 5 >l 6 ). phos- 
phorus was analyzed on a Technicon autoanalyzer by the standard adaptation 
of the Fisko and SubbaRow technic (I 7 ). KH 2 POI+ bandard were made up 
in 0.02 N IICl except foi' stool and diet solutions which cotitained sul- 
fxiric acid and v/cre comxiared with standards v/hich had been brought to 
the came pH with H 2 SO 4 . 

Ionized calcium concentration was determined v/lth an Orion Model 
99-20 serum calciiun flow-thru electrode and Model 80 I digital pil/mv 
meter (IB). Anaerobic venous serum was obtained by centrifuging filled 
red top vacutainor tubes which had been fully evacuated bclorc veni- 
puncttire. Albumin was determined by autoanalyzer (19)* 
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In aoveriil expcrimcii'ls 
mined; alkaline phosphatase 


the follov.lni.' laboratory values were detcr- 
by the automated luodiflcatlon of the Bodon^kj 


method (20); cholesterol and glucose concentrations v;crc determined by 
■ autoanalyzer (21,22); and triglycerides wore dotermned by an automated 
fluorometric technic (23). Urinary 17 -hydroxycorticocteroids wore 
determined in the Metabolic Laboratory at the University of California, 
San Francisco by the method of Reddy et al (24). Assays of serum con- 
centration of parathyroid hormone and calcitonin v/cre carried out by 
radioimmunoassay in the laboratory of Dr. Armen Tash.jlan at the Harvard 
School of Dental Medicine, Boston, Mass. (25,26). 

Total nitrogen was determined on a Technicon autoanalyzer using 


the standard method (22), except that 0.2 percent perchloric acid was 
employed in the digestant; xirea standards in 0.1 N IbGOi, were used. 
Although recovery of added urea by this method was complete, recovery 
of creatinine nitrogen was only 62.3 ± 2.1 percent.* Urinary nitrogen 
excretion was corrected for incomplete recovery of creatinine nxtrogen 
by using this factor and the measured excretion of creatinine (a correct- 
ion of approximately 2 percent). Urine and serum creatinine concentra- 
tions ([Cr]) were determined in a Technicon autoanalyzer by the standard 
modification of the Folin Wu method (2?), employing Technicon standards. 
Creatinine*** (^Cr) was calculated from tie relationship Ccr = urine 

[Cr] X urine volume/serum [Cr]. 

*These findings are similar to those previously reported (4). 

**Clearance. 
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Ilydroxyprollno v.a;: dotermincd by "Liio method of KivirlliKcj uni 
Prockop (28) using hydroxyproline in distilled vater as the standard. 

Each of the above methods v/as found to yield satisfactory results 
in Initial recovery studies. Commercial standard solutions^ v.’cre in- 
cluded in all subsequent runs for quality control. In addition, all 
calcium, phosphorus and hydroxyproline determinations were carried out 
in duplicate, as were ixrinary nitrogen assays. 

Gamma Ray Transmission Scanning ; 

In the past, bone density has been assessed by visual inspection 
of radiographs. Using newer technics (29), tlie changes in oonc mineral 
content can be estimated by the changes in absorption of a monoenergetic 
gamma ray, specifically the 27.5 KEV emission of l2^j. The instrumen- 
tation entails using a scanning head consisting of a 3 nun thick Nal 
crystal scintillation detector moving synchronously with a source holder 
containing 100 me of 125];, in the direct alignment with the detector 6 
inches away. The tissue to be scanned is surrounded by. an appropriate 
material for tissue equivalency. This is important since the soft 
tissue around the bone is not always uniform and may add to the bone 
mass values in an unpredictable way . Scanning is done in parallel 
lines across the bone studied, and the data so accumulated is stored on 
magnetic tape and tally punch tape for later processing. Three methods 
of direct readout are provided: a volxunetric display, a 3 dimensional 

Isometric display, and a digital printout. The average count rate 

*Co:nmercial standards employed wei’e; Versatol, Versatol A, Hyland 
Urine, and Brook serum. 
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points along each horizontal row are counted, the c(;unt rate for each 
point is ratioed to lOC^ transmission and the natural lof is then 
coiuputed for each data point and Slimmed for tl.e entire row. This is 
expressed as a positive value cf absorption. The higher the value, 
therefore, the denser the bone. 

To facilitate immobilization of the leg and reproducibility of 
position in repeated scans, molds of the heel are constructed. Two 
baseline scans are done before bed rest begins. Scans are repeated 
every 3 weeks during bed rest, twice during roajubulation, and as possible 
following completion of the study. 

Data Presentation ; 

Metabolic obsei'vations for different activities v/cre carried out 
for different durations. All studies had concomitant bod rest controls. 
Accordingly, v;hile all available data is presented on figures and tables 
depicting individuals, only the portions common to all subjects un- 
treated or similarly treated are shown for those deta presentations 
which employ averages. Complete balance data wore obtained on all sub- 
jects during the baseline ambulation, the weeks of bed rest, and in 
several of the studies during the initial 1-3 v/ecks of reambulation. 
Complete urinary and servun data were obtained for the last A-U weeks 
of baseline ambulation, the duration of bed rest, and when applicable 
the weeks of controlled reambulation. Wbien the averages of data pre- 
sented in those two ways are compared, minor nuiacrical differences are 
sometimes present. 
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Gtudy 1 

THE EFFECT OF COMHiKGOIOn STRE.‘’.C !.’.I,\aJLATII2a WEIGHT Bi^yalHIG 

oi: t:u.: chahges of bore mass resulting from bed rest 


' Specific Aim ; 

To invcsti(jato tne abilitj' of coi:ipres:;lori forces to prevent bone 
loss during bed rest. 

Introduction & Backg, round ; 

There is ample evidence that bed rest simulates the effects of 
veightlessness qualitatively, and is a suitable tool fur studying the 
changes to be expected v/itli space fligiit incl.udin;'; bony changes. 

Skeletal homeostasis is a complex interaction of weight bearing, muscle 
mass and activity, innervention, sj'.eletal blood flov/ and humoral in- 
fluences. The importance of v;oight bearing and muscular activity i.iay 
be appreciated from the decreased bone mass and negative mineral bal- 
ance that result when normal individuals with intact neural, vascular 
and endocrine systems are put to rest in bed (l,U,5,9)» IL is important 
to establish whether the lack of weight bearing or the lack of muscular 
activity is the major factor responsible for these changes. 

Some evidence suggests that exercise v;ithout weight bearing is 
not effective in preventing changes of mineral metabolism and bone mass 
during bed rest (^,5>30). On the other hand, quiet standing for 2-3 
hours per day may be effective in preventing mineral loss (3>30). Time 
may be an important factor, since weight bearing for less than 2 hours 
per day does not appear to modify the mineral changes of bed rest 
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(30,31). 

This study is dosifjned to investieate the effect of compressive 
stress on the longitudinal axis of the human skeleton. There is 
* suggestive evidence that longitudinal compression of the skeleton may 
modify the bony changes of bed rest in hiuiians (32) and in monkeys (33). 
Changes in the louer extremity bone mass of normal volunteers under- 
going 17 weeks of bed rest will be assessed by gaimra ray transmission 
scanning. Both legs were subjected to constant compressive stresses. 
Design of the Study ; 

A 6 month project was begun in January I970. The first 2 weeks 
were for dietary equilibrium, the next 4 weeks were used for baseline 
ambulatory studies, the next 12 weeks for bod rest, and the final 6 
weeks for reambulation (only the first week of reambulation was with 
metabolic balance). 

During bed rest, constant pressures approximately equal to 80^ 
body weight were applied to both legs between the heel and the knee for 
periods of 200 minutes daily. This was divided between the morning 
(3 hrs) and the afternoon (1 hr) with 5 minutes of rest every half hour. 
The longitudinal compression wa.-3 provided by a Gravitatiotial Acceler- 
ation Simulation Suit* (GASS) (Fig 1). Calibrated springs attached to 
the suit were stretched to provide a compressive force on tlic longitu- 
dinal axis . The force was applied between the solos of the feet and a 

cinch belt immediately proximal to the iliac crests (two-thirds of the 

■’'This apparatus wan designed and maintained by James Gatts, M.D. 


force), and between the soles of the feet and straps over the shoulders 
(one-third of the force). Periodic determinations of bone mass in 
both legs were conducted throughout the study by gaimna ray scans. Diet 
was controlled, and calcium and phosphorus values in serum and urine 
were measured at regular intervals. 

Study Subjects ; 

Five healthy volunteers between 21 and 2h years of age 'vere chosen 
as subjects. TA, Mil and AK were selepted for constant longitudinal 
compression and GF and BL as bed rest controls. All signed informed 

consent. 

Procedures ; 

1. Mineral balance -- calcium, phosphorus and nitrogen. 

2. Creatinine clearance j phosphorus clearance. 

3. Densitometry -- central os calcis, tibia-1 6 cm 
proximal to medial malleolus and tibia-2 10 cm 
proximal to medial malleolus. 

Results ; 

Calcium Metabolism 

During bed rest, mean lu-inary calcivun excretion rose from an aver- 
age baseline value of 180 mg/day to a maximum of 243 mg/day in the ^th 
week in the two control subjects. Tlio three treated subjects followed 
the same pattern changing from a baseline of urine calcium ol If/ mg/day 
to 242 mg/dny at the 5th week. The value subsequently fell, but did 
not return to the moan baseline I'ciuaining at 220 mg/day by tlie end of 
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the control bed rest. Two of the treated subjects' urinary calcium 
fell during the 10th week of bed rest and rettirncd to baseline values. 

The third subject's urine calcium also fell but not to the 15th week 
• and was still Uo mg/day above baseline at the end of bed rest. 

Fecal calcium remained increased in both controls but in only 2 
of the 3 treated subjects for the 1? week bed rest period. The other 
treated subjects' fecal calcixim returned to baseline values in the 8th 
week of bed rest. 

Mean cf»lcixim balance for the two control subjects was -18B ± 76 
(X ± SE) mg/day, and the balance for the three ti’eated subjects was 
-138 mg/day ± 4. 

Mean serum calcium concentration show a trend to inci’ease in the 
controls and to remain the same in the treated subjects but v/as not 
significant (p > .2). There was no change comi)aring bod rest with 
prior ambulatory period, 
phosphorus Metabolism 

Mean urinary phosphorus excretion was higher throughout the period 
of bed rest than during the baseline period in both controls and two 
ti'eated subjects; the average increment was controls 73 mg/day vs treated 
45 mg/day. Negative phosphorus balance was demonstrated in all sub- 
jects' control -79 mg/day vs. treated -62 mg/day. There was no appreci- 
able change in mean blood phosphorus concentration durin(- bed rest. 

Serum alkaline phosphatase concentration showed no change compar- 
ing ambulatory control vs. bed rest, as well as no change comparing 
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ti'eated subjects with untreated bed rct;t subjects. There v/as an in- 
crease seen in both groups on reambulating but no difference between 
the two groups. Reambulation vs. bed rest was significant (p < 0.05). 

Creatinine clearance was unchanged dxiring bed rest in comparison 
v/ith the baseline period. There was also no difference between longitu- 
dinal compression vs. control group. 

Urinary nitrogen excretion increased in comparison with the base- 
line ambulatory period in both groups equally. 

Urinary hydroxyproline increased in both groups; however, the 
average increment in the ti’eated group was only half of the untreated 
groupj control 6.53 mg/day vs. treated 3.03 mg/day. 

Body v/eights changed only modestly if at all in all subjects 
throughout the study. 

Densitometry data showed equal and significant loss of bone cal- 
cium from both groups. Control -19.2^ vs. treated -20.5^. Tibia changes 
were inconsistent but tended toward decrease bone density. 

Discussion ; 

When a normal individual is placed at bed rest for 30-36 weeks, 
muscle mass and bone mass in the lower extremities decrease (4). 

Urine calcium remains increased throughout, and is one index of 
the bone loss. Exercise in bed for as long as 4 hours per day had no 
effect in preventing this hypercalciuria, but 3 hours of quiet standing 
had an effect (3)* Lamb showed no effect from two hours per day of 
walking and back exercises, but relatively equal effects from 3 hours 
per day of quiet standing or 3 hours per day of vigorous walking and 
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weight lifting (30). 

This study suggests that vfith constant longitudinal coiupic«sion 
that the usual negative calcium balance is not modified. Urinary 


hydroxyproline whicn is thought to be a measui’O of bone breakdown 
confirms this. Moreover, 20% of the os calcis was lost in both 
groups as measured by gamma ray transmission scanning. 

It is possible that the constant longitudinal compression program 
did not have any beneficial effect on the os calcis because the normal 
forces of v/alking cotild not be generated with only a constant iorce on 

the os calcis. 

The next study was designed to in part answer this question. 









Five healthy young men were studied during 17 weeks of continuous ! £ 

bed rest. Three subjects received constant longitudinal coiitprcssion | 

using the GASS suit applying a force equal to 80^ of body weight for | 

200 minutes/day starting with the first day of bed rest. Two suojects ^ 

were studied with bed rest only as controls. 

\ 

There was no modification of negative calcium balance or bone 
mineral turnover as measured by urinary hydroxyprolinc excretion. No i 

prevention of the loss of bone mineral from the weight bearing bone^ 

the os calcis was seen. ^ 

1 
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study a 

ATTEMPTS TO PREVENT DISUSE OSTEOPOROSIS BY Tl^EATMElMT WITH 
CALCITONra, LONGITUDINAL COMPRESSION AND SUPPLEMENTARY 
CALCIUM AND PHOSPHATE 

Bone mineral is lost when normal hviiuan subjects undert^o proloni]:ed 
bed rest (1-9). One hazard of the mineral loss is the increased likeli- 
hood of kidney stones which attends hypercalciuria (3^). In previous 
studies, we have shown that this problem can be averted by addin^i 
phosphate to the diet (13). However, a more serious disorder, wliioh is 
not prevented by supplementary phosphate, is the development of disuse 
osteoporosis . 

We have studied the efficacy of three regimens directed at prevent- 
ine bone mineral loss durinc bed rest: (l) calcitonin was employed to 
inhibit the excessive resorption of bone which is thoui.ht to be a 
factor in the development of disuse osteoporosis; (2) intci’inittent 
longitudinal compression was applied to the skeleton in order to sim- 
ulate the forces wliich are applied by gravity during jiormal ambulation; 
and (3) oral calcium and phosphate supplements were used with tljc hope 
that the former would increase calciiam absorption from the intestine 
while the latter pi’cventcd hypercalciui’io . 

Six healthy male subjects were studied dioring 19 v.-eeks of con- 
tinuous bed rest. The therapeutic regimens were applied singly or in 
combination for an 8 week period at tlie beginning or end of bcid rest. 
Conclusions were drawn from a comparison of the data dm'ing treatment 
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periods with thoiO of the intervcuin,;; i weoka of untreated bed i-oct, 
and also with the results of previous studies of bed rest without 
therapy. Chances in skeletal mineral content were assessed directly 
by transmission scanninc of the calcaniius, and indirectly 

by metabolic balance tcchulquos. 

Materials & Methods ; 

The methods and materials eiiq)loyed in this study ai*e those pro- 
viouslj' reported, except as noted below. 

SUtdy Conditions ; 

Six healthy Caucasian men aced L’l-2h years were equilibrated on 
the metabolic diet for one week and then observed durinj a 6 week’* base- 
line ambulatory period without restrictions on their level of activity. 

The subjects spent the next 19 weeks in bod; m(Wciiu''nt!5 in the hori/ontal 
plane wore not restricted and they wore allowed to i'ai:u? tliomselves on 
one elbow for eatinc and I'cadine. Defecation and micturition wore per- 
formed while supine. The subjects v/ere observed froqxiently by the 
nursing staff throughout each 24 hour period, tmd never left th>' Metubi.)lic 
Ward without a staff member in attendance. 

Medication ; 

The subjects were given 200 mg Colace(^(dioctyI sodium su].fo- 
succinate) daily throughout the study. 

•X -X 

Calcium supplements were given orally as calcium lactate. 

■*JF devclop'-’d infectious mononucleosis durlii;' the first. basc.line 
week and w-ms only ablt? to pai’ticipate in the baseline period J’or th',' 
last 4 weeks. 

Manufactured by Bolar pharmaceutical Company, Copiague, hcjw York; 
Contractor-American Q,uinine Company, Plainview, Wew York. 
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Sample tablets were randomly selected Tor mineral analysis during treat- 
ment periods. During the first 8 weeks, 7 tablets contained ^*5.87 ± 

0.98 mg Ca/t ablet (mean ± SD). During the last 8 weeks, a new lot of 
• calcium lactate x^as used; 8 tablets contained 43.37 ± O .58 mg Ca/tablet. 
The calcium lactate tablets were disintegrated by standing in 15 nil 
distilled water for 1 hour and then given between meals at 2 dosage 
levels: either I 7 tablets were given daily (6 at 10:00 a.m., 5 at 
2:30 p.m. and 6 at 8:00 p.m. ), or 30 tablets were given daily — 10 
at each of the above times. 

Supplemental phosphate was administered orally as Hyper-Phos-K.* 
Each tablet contained K 2 HPO 4 and KH 2 P 0 [^ in proportions which provide 
a pH of 7.4 when dissolved in water. Tablets from the same lot have 
previously been found to contain I 65.9 ± 2.3 mg P/tablet (13) • Eight 
tablets were administered daily — 3 with breakfast at 8:00 a.m., 2 
with lunch at 12:00 noon and 3 with dinner at 5:00 x’»m* 

Synthetic salmon calcitonin*^ was administered sc in a dose of 
100 Medical Research Council (MRC) U at 9:00 a.m. daily. Prior to the 
study no hypersensitivity to this preparation of calcitonin was detected 

by intradermal adjninistration of 0.1 ml of a 1:100 dilution, of the drug. 

% 

Longitudinal Compression : 

Intermittent longitudinal compression was provided by a Gravi- 

tational Acceleration Simu lation Suit*** (gASS) which v/as attached to 
*Supplied by Davies Rose Hoyt Company, Needhajn, Mass. 

**Supplied by Armour pharmaceutical Company, Kankakee, Illinois 
as calcitonin AL-0977 in a gelatin-phenol vehicle. 

*-)t*This apparatus was designed and maintained by James Gatts, M.D. 


a motor (35,36). The compressive forces were alternately stretched and 
relaxed at a frequency of U5/min. The subjects were required to "stand" 
on the footboard with one foot at a time. This applied the entire 
force to one leg at a time, as occurs dxu*ing normal ambulation. The 
subjects changed from one side to the otlier ad libitum — generally 
every 1-3 rain. 

During the first 4 days of the treatment period, the duration and 
magnitude of force applied to each subject were gradually inci-easod 
until it could be maintained at a force equal to 80^ of his body weight 
for 200 lain/day. This was divided between the morning (3 hr) and the 
afternoon (1 hr), with 5 rain of rest every half-hour. During the final 
2 weeks of bed rest. Subjects RB and m. received a compi'ossivc force 
equaling 100^ of body weight for 300 min daily. 

Collections ; 

As previously described. 

Dermal loss of calci\un was not measured in this study, but the 
balance values Include an estimated 19 nig/day (the mean of the deter- 
minations in 11 previous study subjects (5,13). 

Analytical Methods and Recovery Sttidies ; 

Calcium, magnesium, phosphorus, creatinine, alkaline phosphatase 
and hydroxyproline were determined as previously described. 

Immunoreactive parathyroid hormone (PTH) was estimated by the 
radioimmunoassay technique of Arnaud and co-workers (26a), utilizing 
a guinea pig antibody to porcine PTH (GPIM), 1^31 labelled bovine PHI 
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and dextran-coated charcoal separation of bound and free hormone. 

Gamma Ray Transmission Scanning ; 

The mineral content of the central portion of the calcaneus was 
assessed by 125j gamma transmission scanning. 

Results 

Study Design : 

The 19 weeks of bed rest were divided into two treatment periods 
of 8 weeks each, separated by a 3 week period of bed rest without 
therapy. 

Calcium & Phosphorus Metabolism ; 

The calcium balance became negative and urinary calcium increased 
during bed rest and treatment with calcitonin. The hypercalciuria sub- 
sequently diminished during bed rest v;ithout treatment, but the negative 
balance persisted. The use of calcium and phosphate supplements reduced 
both the hypercalciuria and the negative calcium balance. 

Calcitonin alone did not retard any of the metabolic consequences 
of bed rest in either of the two subjects so treated. The hyper- 
calciuria was greater than that occurring in untreated subjects. 

Intermittent compression alone had no substantial effect on the 
mineral losses which occur during bed rest. 

Calcium and phosphate supplements tended to reduce the hyper- 
calciuria, although the effect was usually not statistically significant; 
virinary phosphorus excretion was strikingly increased. Ctnlcium bal- 
ance was significantly less negative in four of the five subjects and 


A1TKM!»TS 'i‘0 TUKVENT DISUSI2 OSTKOPOROSIS 


Taule L Experimental design and calcium and phosphorus metabolism 


Subject 



Period 

RB 

DM 

\VR 

ji*; 

JC 

FC 

Treatment regimen : 


Ami) 


— 



— 



l!R 1-S 

Cap 

CT 

CT 

Compr 

Ctimh 

Comb 


UR 9 11 

— 

— 


— 

— 

— 


ijk 

Compr 

CaP 

Conii)r 

iCa 1* 

tCa P 

Ca P 

Urinary calcium 
(mg/clay) : 


A mb 

175 

214 

141 

132 

218 

186 


I5R 1-S 

ISS 

442 

282 

208 

274 

305 


HR 9-11 

224 

375 

195 

212 

270 

262 


HR 12-19 

193 

227 

167 

165 

214 

191 

Fecal calcium (mg/day): 


A mb 

98s 

734 

884 

818 

695 

834 


HR 1-S 

1705 

798 

910 

884 

1422 

1462 


HR 9-11 

971 

936 

993 

1061 

817 

892 


HR 12-19 

1023 

1523 

1050 

2152 

2068 

1637 

Calcium balance (nig/day) 

A mb 

-150 

+ 62 

-IS 

+ 60 

4 97 

-10 


HR 1-8 

-103 

-2.>0 

-182 

82 

.(.1)4 

4-23 


HR 9-11 

-185 

-301 

-178 

-263 

-77 

-144 


HR 12-19 

-206 

-7 

-207 

-13 

4-22 

-85 

Urinary phosphorus 
(mg/day) : 


Ami) 

1128 

1009 

938 

919 

1023 

1091 


HR 1-8 

1828 

1205 

1177 

1048 

1894 

1S73 


HR 9-11 

1208 

1195 

1114 

1072 

1204 

1108 


HR 12-19 

1207 

1868 

1115 

1645 

1739 

1682 

I'ccal phosphorus 
(mg/day) : 


Amb 

599 

460 

550 

563 

460 

556 


HR 1-8 

1019 

502 

504 

541 

964 

1080 


HR 9-11 

536 

556 

583 

610 

<86 

601 


HR 12-19 

533 

1030 

611 

1245 

1183 

1284 

Phos|)horus balance 
(mg/day) : 


Amb 

-57 

+ 192 

+ 182 

4-188 

+ 187 

+ 23 


HR 1-8 

+ 150 

-37 

-11 

+81 

4-139 

-1-44 


HR 9-11 

-74 

-81 

-27 

-12 

-20 

-39 


BR 12-19 

-70 

+99 

-SC 

4-107 

4-75 

-f‘31 


Amh: Baseline ambulation (6 weeks). 

HR 1-8: Bed rest weeks 1-8. 

BR 9-11; Bed rest weeks 9-11. 

BR 12-19: Bed rest weeks 12 -19. 

CT: Synthetic salmon raldtonin; 100 MKC U daily. (Treatment with CT was slopped at the beginning 
of the 7th week of bed rest because of nephrotoxicity (8)). 

Compr: Intermittent longitudinal compression; of body wt for 200 min daily (except bed rest 
weeks 18 and 19; I007J> of body wl for 300 min daily). 

Ca P: Oral calcium and phosphate supplements; 780 (BR 1-8) or 733 (BR 12-19) mg Ca and 1327 mg 
P daily. 

lCa P: Oral calcium and phosphate supplements; 1294 mg Ca and 1327 mg V daily. 

Comb: A combination of CT, Compr and Ca P. 

The numbers shown arc the means of the weekly determinations. 
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phosphorua balance became positive. 

Combined therapy with all three regimens appeared to attenuate 
the negative calcium and phosphorus balances in both subjects so 
treated. Urinary phosphorus excretion was increased in both subjects 
and urinary calcium was not affected. 

Calcaneus Mineral ; 

The changes in the mineral content of the central calcaneus were 
assessed by gamma ray transmission scanning. 

Calcaneus mineral loss was within the 95?^ confidence limits in all 
of the current subjects. The absence of bone loss in subjects (RB and 
WR) might be ascribed to the intermittent con^ression during the last 
8 weeks of bed rest; however, substantial losses v/ere seen in JF and PC 
during the first 8 weeks at a time when they, too, were receiving 
compression therapy. 

Parathyroid Hormone ; 

Parathyroid hormone levels showed no consistent change dxiring the 
study. In particvilar, the levels were not higher dviring treatment with 
calcitonin. 

The parathyroid hormone values for WR were abnormally high on one 
occasion during baseline as well as once during bed rest. The explan- 
ation for this finding is unknown. Eight ambulatory serum calcivun 
values over a period of one year have fallen in the range 9.6-10.3 ex- 
cept for one value of 10.7 mg/dl. There is no history of kidney stones, 
ulcer disease or pancreatitis. 


Ilydroxyprolino ; 


A rise in \irinary hydroxyproline excretion vas seen in all subjects 
except JC. The rise exceeded the 95 ^ confidence limits in DM while he 
^^as receiving calcitonin. Treatment with mineral supplements alone 
was associated v;. ';h reduced levels of hydroxyproline excretion in three 
of five subjects receiving this regimen. 

Other Metabolic Data ; 

Urinary excretion of nitrogen was higher during bed rest than 
during baseline ambulation. The treatment programs did not appear to 
influence this phenomenon. Fasting seruni calcium concentrations re- 
mained relatively constant throughout the study. Fasting serum phosphorus 
concentrations hardly changed during bed rest, although the levels tend- 
ed to be decreased d\jring treatment with calcium and phosphorus supple- 
ments . 

No consistent changes in servun alkaline phosphatase activity were 
noted. Tliere was no apparent trend towards a change of creatinine 
clearance . Body weight fell in those whose initial weight exceeded 
75 kg and rose in the subject who weighed less than 58 kg in the begin- 
ning. Subjects with intermediate v/eights shov/ed little change. These 
data perhaps reflect the constant 2500 calorie diet which all subjects 
received, regardless of their size. 

Clinical Observations ; 

There were no untoward medical or psychological events during bed 
rest. The intermittent compression apparatus was uncomfortable to wear. 
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frequently leading to minor backaches and shoulder discomfort. Tedium 
was also a problem because it was difficult to carry on other activities, 

'* such as reading, while being joggled in the suit. For these reasons, 
•.this regimen was generally disliked by the subjects. 

Reambulation was undertaken slowly; during the first week the 
subjects gradually increased the amount of time spent on their feet, 
until normal activity was achieved. There were no signs of ortho- 
statism but tenderi'ess of the joints of the feet was noted for 1-3 
weeks and easy fatigability for somewhat longer . All subjects had 
returned to their pre-study health status by the end of the second 
month . 

Summary ; 

Six healthy men were studied during 19 weeks of continuous bed 
rest and 3 treatment regimens were tested tor their effectiveness in 
preventing bone mineral loss: 

1. Synthetic salmon calcitonin (100 MRC U daily) did not prevent 
the negative calcium and phosphorus balances which are observed during 
untreated bed rest. The increase in urinary calcium and hydroxyproline 
excretion was unusually large in one of the two subjects. 

2. Intermittent compression in the longitudinal axis was applied 
by springs attached to a special suit; a force equal to 80% of body v/t 
v/as applied U 5 times per min for 4 hr daily. The negative mineral 
balances were not substantially affected by this regimen. 

3 . Calcixun and phosphate supplements were administered, in- 
creasing daily intake of calcium from 1.0 to 1.8 or 2.3 gm, and that of 


phosphorus from 1.7 to 3.0 gm. Calcium balances were significantly 
less negative than those of control subjects in four of five cases; 
phosphorus balances showed similar patterns. 

4. Combined administration of these 3 regimens to 2 subjects 
also produced a beneficial response. 

These conclusions which are based on mineral balance data were 
only partially confirmed by gamma ray transmission scanning of the 
central calcaneus, and some discrepancies were noted. We conclude 
that the 2 month course of calcium and phosphate supplements retarded 
the development of disuse osteoporosis, but that the intermittent 
compression and calcitonin were ineffective. 


study 3 


PREVENTION OF BONE MINEEIAL LOGS DURraii PROLONGED BED REST 
WITH CALCIUM AND PHOSPHATE SUPPLEMENTS 


* Specific Aim ; 

To evaluate the ability of calcium and phosphate supplements to 
prevent disuse osteoporosis during immobilization. 

Introduction ; 

In an ongoing series of experiments, we have investigated several 
treatment programs in an atten 5 >t to prevent mineral loss; 

a) horizontal exercise employing the Exer Genic 
apparatus ; 

b) static longitudinal compression which simulated 
weight bearing stresses; 

c) oscillating longitudinal compression to simulate 
dynamic stresses of walking; 

d) daily subcutaneous injections of synthetic salmon 
calcitonin; 

e) oral phosphate supplements; and 

f) oral supplementation of calcium and phosphate. 

In the completed study, #2 ( 37 ) > it was found that calcium and 
phosphate supplements reduce calcixun and phosphorus los.ses during bed 
rest, and may modify the bone mineral loss. This regimen will be 
further evaluated in these studies. 
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Methods — Study A Subjects ; 

Six subjects were investigated during a baseline period of 5 v/eek 
followed by 17 weeks of continuous bed rest, and finally 2 weeks of 
• reainbulation all under balance conditions. Four subjects received 
oral calcitim and phosphate supplements during the bed rest period, and 
two subjects were untreated controls. 

Diet & Medication ; 

The diet consisted of whole food prepared in 7 daily menus v/hich 
provided a constant \.’eekly intake of minerals and hydroxyproline . 

Mean daily calcium intake was 1027 ± 2k mg (SD) and that of phosphorus 
was 1656 ± 23 mg. Other constituents included: 1 hexavitamin tablet 
daily, 200 mg Colace ^ (dioctyl sodium sulfosuccinate) daily, and 500 
mg of polyethylene glycol 4000 given orally three times a day witli 
meals as a continuous stool marker. 

Calcium lactate supplements were given between meals to provide 
an additional calcium intake of I315 ± 57 mg. The calcixun lactate 
tablets were disintegrated by standing in 15 ml distilled v;ater for ]. 
hour. Thirty tablets were given daily — 10 at 10:00 a.m., 10 at 
2:30 p.m., and 10 at 8:00 p.m. 

Additional phosphorus was also given — l4l9 ± 20 mg P, orally. 
The tablets contained K^jHPOi^ in proportions providing a pH 7.4 when 
dissolved in water. Eight tablets wore given daily -- 3 with break- 
fast at 8:00 a.m., 2 with lunch at noon and 3 with dinner at 5:00 p.m. 

The calciiun and phosphorus supplements were started with tlie bi'd 
rest phase. 
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Collections v;ere as previously described. Deriaal loss of calcium 
was not measured in this study, but the balance values include^jiii^^ - 

estimated I9 mg/ day. 

•. Analytical Methods & Recovery Studies : 

Calciiuii (total ionized), phosphorus, creatinine, alkaline phos- 
phatase, seruan protein and urine hydroxyproline were measured as 
described. Gamma ray transmission scanning v/as performed on the os 
calcis weekly. 

Study B Subjects ; 

Four volunteers v/ere studied; 3 for 6 weeks and 1 for U weeks of 
ambulatory control. All subjects underwent continuous bed rest; 2 for 
2k weeks (NL, SW); 1 for 5 weeks (JM) and 1 for 8 weeks (Bl). SW 
received additional calcium and phosphate supplements for I8 weeks and 
then remained at bed rest without the supplements for 6 weeks. PM 
received the additional calcium supplements for the entire 24 weeks ; 
however, he reambulated after week 8. NL was untreated during the first 
18 weeks and then received the supplements between weeks I9 and 24. JM 
v/as untreated through 5 v/eeks of bed rest and then withdrew from the 
study. 

Diet & Medication ; 

Similar diet and medications were used as described above. Calciiun 
lactate sui/plements provided 1219 ± 49 mg Ca/day. Twonty-eiglit tablets 
were given daily — 10 at 10:00 a.m., 9 at 2:30 p.ra., and 9 at 8:00 p.m. 
Additional phosphorus was given as KKpPOi^, 12 tablets dally — 4 with 


-32- 


breakfust, U with lunch and 4 with dinner, totaling l44o ± 36 mg P/day. 
Dermal loss of calcium was again estimated. 

Analytical Methods & Recovery Studies ; 

Calciujn (total and ionized) phosphorus, creatinine, serum protein, 
alkaline phosphatase and urinary hydroxyproline were measured as des- 
cribed. Gairnna ray transmission scanning was performed on the os calcis 
bi-weekly. 

Calcium^'i^ kinetic studies were carried out on three occasions: 
during weeks 3 and 4 of baseline, dtiring weeks 5 and 6 of bed rest and 
during weeks 17 and 18 of bed rest. For each study approximately 10 
microcuries of sterile ^7caCl2 were injected intravenously. Serum was 
obtained at 0.5, 1, 1.5, 2.5, 4.8, 12, l6, 20 and 24 hours; urine was 
collected in 8 hour portions the first day, 12 hour portions the second 
day and then daily through day 9; and stool war collected from the day 
of injection througii day 10 following administration of the isotope. 
Urine and stool specimens were treated with oxalate to concentrate the 
calcium and enhance counting efficiency. All specimens were counted 
in 4 cc aliquots on an Autogamma II (Nuclear Chicago). A rewrite of 
the Los Alamos least squares program for Fortran IV was used to 
calculate slopes and intercepts of the specific activity cxirves. The 
modified closea three ccmpartmontal model of Hansen et (38) was 
used in the calculation of pool sizes and exchange rates. Bone accre- 
tion and resorption rates were determined from formulae described by 
Heaney and Wliedon (39)* 
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In interpreting data, two subjects from the previous study will be 
included in this section; JP and JC who received calcium supplements of 
129^ mg Ca/day and phosphorus of 1327 mg P/day. The calcium and phos- 
. phate supplements were begtin after 11 weeks of bed rest. 

Results ; 

Calcium Metabolism 

During bed rest, mean urinary calcium excretion rose from an 
average baseline value of 178 ± 20 mg/day (X ± SEM) to a maximimi of 
220 ± 27 mg/day in the 5th week. The value then fell slightly and 
plateaued(200 mg/day). The average increment in urinary calcium excre- 
tion during bed rest was 27 mg/day. 

Calci ^ balance data is reported. Mean calcium balances for the 
four subjects of Part A, three subjects of part B, and the two sub- 
jects of study #2 is 38 ± 88 mg/day. Positive calcivun balance occurred 
dva*ing the first 13 weeks of the study, averaging +73 mg/day. Calcium 
balance was negative from the l4th to the l8th week, averaging -I09 mg/ 
day. 

Mean serum calcium and ionized calcium d\iring treated bed rest v/as 
unchanged from ambulatory non calcivun supplemented control periods. 

Phosphorus Metabolism 

All subjects were in positive phosphorus balance throughout the 
bed rest period when calcium and phosphate supplements were administered. 
Urine phosphorus values increased proportional to the increase in 
dietary phosphorus. There was no increasing loss in urine phosphorus 


excretion durine bed rest as is usually seen with bed rest. Serum 

phosphate concentrations remained normal and unchanged throughout the 
study. 

Other Metabolic Data 

Urinary hydroxyproline excretion was consistently higher through- 
out the bed rest period than during the baseline ambulatory period. 

Urinary nitrogen excretion was increased as has been previously 
shov/n in untreated bed rest. 

Creatinine clearance was unchanged during bed rest in comparison 
with the baseline period. 

There was no change in serum alkaline phosrjhatase in phase A 
subjects . 

Calcixun Kinetics 

Calcium kinetics were performed on ML, JM, B 4 , and SW. Prior to 
bed rest, the mean bone formation rate was 534 mg/day, turnover rate 
806 mg/day, bone resorption rate 509 mg/day, gastrointestinal (gi) ab- 
sorption was 297 mg/day and percent GI absorption was 31 %. After 5 
weeks of bed rest, the untreated subjects demonstrated an increase rate 
in bone formation rate, tiurnover and resorption rate. After I7 weeks 
of bed rest, bone formation rate decreased while turnover continued to 
increase. In the calcium-phosphate treated group at 5 weeks of bed 
rest, bone turnover was increased; however, bone formation and resorp- 
tion rate were inconclusive. At I7 weeks, bone formation rate showed 
no change from ambulatory control, both turnover and bone resorption 
rate was significantly increased. 
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Densitometry ; 

At the end of bed rest, percent mineral loss from the calcaneus 
was: TA — 18^ (1? weeks), Bd — 1^ (8 weeks), SW — % (I7 weeks), 

. RB — (17 weeks), PH — +3.5^ (I7 weeks). 

Stunmary : 

Pour of the five subjects dxd not develop the usual negative 
calcium balance during the first 12 weeks of bed rest. Negative 
calcium balance was seen in all after the 13th week. Urine calcium 
did not change from baseline throughout the study. Four subjects 
showed no appreciable calcaneal mineral loss. 


T" 
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EFFECT OF TflE BIPHOSPhONATE E1®P ON MINI31AL METABOLISM 
DURING PROLONGED BED REST 


Introduction ; 

The diphosphonates have received attention because of their poten- 
tial therapeutic usefulness in a vd.de variety of skeletal disorders 
for which no satisfactory treatment is yet known (U 0 -U 5 ). As stable 
analogs of naturally occurring pyrophosphate, they have been shown to 
retard both the formation and dissolution of hydroxyapatite crystals 
in vii^ (L6-U8). Inhibition of bone formation and resorption has 
also been demonstrated in tissue culture (48,49) and in several species 
of intact animals ( 50 - 56 ). Preliminary studies have indicated that 
relatively small amounts of diphosphonate may effectively retard bone 
resorpti^ while bone formation proceeds undiininished ( 57 ); in fact, 
the evidence suggests that a paradoxical enhancement of formation may 
occxir at this optimal dosage level. 

Disuse osteoporosis consequent to prolonged bed rest is a useful 
model for determining the efficacy of diphosphonates in human demineral- 
ization disorders for several reasons; ( 1 ) the metabolic balance changes 
in subjects undergoing bed rest of several months duration are consis- 
tent and well-defined, so that significant variations from the usual 
pattern can be recognized easily ( 3 , 13 , 58 , 59 ); ( 2 ) gamma ray transmission 
scanning of the calcaneus gives a precise estimate of its mineral con- 
tent and detects mineral loss in virtually all subjects during prolonged 
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bed rest (5,13,58,59,60); and (3) the difficult task of reversing 
established disease is avoided by instituting therapy when bed rest 
begins and evaluating its usefulness in the prevention of the mineral 
loss. 

Pour healuhy young men were studied lender conditions of strict 
metabolic balance for 26 weeks including 20 weeks of continuous bed 
rest. For the bed rest period they were randomly assigned to one of 
two drug dosage schedules of Disoditim etidronate^ — either 5 or 20 
mg/kg/day. The effects of these regimens were assessed by three 
largely independent tecliniques; (1) metabolic Balance; (2) gamma 

ray transmission scanning of the calcaneus; and (3) ^7ca kinetic 
studies . 

General Study Design ; 

The methods were the same as those previously described. Four 
healthy Caucasian males aged 22-29 ysars participated in the current 
study. Metabolic balance collections were begun after a 10-day period 
of dietary equilibration. The subjects were ambulatory but confined to 
the Metabolic Unit for U weeks of baseline evaluation. Disoditun 
etidronate^^ * was started three days before beginning bed rest. RA 
and RS were randomly assigned to receive 5 mg/kg/day, and TM and TO to 
receive 20 mg/kg/day. Bed rest was continuous for the next 20 weeks; 

movements in the horizontal plane were not restricted and subjects were 

*Disodltim etidronate (disodium-ethane-ethano-l-hydroxy-1, 1- 
diphosphonato, or EHDP) was supplied by the Procter & Gamble Company, 
Miami Valley Laboratories, Cincinnati, Ohio U5239 
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allowed to raise their heads as high as 30° to eat, read and use the 
bed pan. Calcaneal mineral content and appropriate serum chemistries 
were determined bi-weekly throughout bed rest. ^7ga kinetic studies 
•were carried out on three occasions: during weeks 3 and k of baseline, 
during weeks 5 and 6 of bed rest and during weeks 18 and I9 of bed 
rest. After the 20th week the EHDP was discontinued and rearabulation 
begun. 

Metabolic Balance : 

The whole food metabolic diet consisted of seven different daily 
menus which recurred each week of the study. On six different occasions 
an entire week's diet was analyzed for mineral content with the follow- 
ing mean daily values ± 2 SD: calcium 1039 ± 32 mg and phosphorus 1701 
± 30 mg. Subjects were allowed to supplement their caloric intake with 
kool-aid and sour ball candies when they wished to cxirb their appetites. 
These supplements were recorded and small (0-I8 mg/day for calcium; 

0-4? mg/day for phosphorus) adjustments made in the calctilated dietary 
intake. Each subject received one hexavitarain daily. Dioctyl sodiimi 
sulfosuccinate (Colace(B^ was given d\uring bed rest (100 mg p.o. b.i.d.) 
to prevent constipation. 

Disodium etidronate®was given in tablet form one hour prior to 
breakfast with fruit juice. The EHDP was analyzed for phosphorus and 
the amount included in each subject's balance calculations as supple- 
mental phosphorus intake (the increments were: RA, 9T mg/day; RS, 

72 mg/day; TM and TO, 367 mg/day). EHDP phosphorus contributed to the 
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total fecal excretion of phosphorus but vas not detected by our method 
for analyzing urinary phosphorus. 

Polyethylene glycol* was administered as two capsules three times 
‘daily with meals, and balance was calculated using the ratio of admin- 
istered to recovered polyethylene glycol (6l). Analyses of 26 capsules 
revealed the content of polyethylene glycol to be 257 ± 5 mg (SD). 


Results 

Metabolic Balance ; 

Low Bose EHDP (5 ing/kg/day) 

Neither subject differed significantly from previous untreated 
subjects in the magnitude of their hyper calciuria, hyperphosphaturia, 
or negative calcium and phosphorus balances, fiiring the first week of 
bed rest, one subject (RS) showed an unusually sharp rise in urinary 
and fecal calcium. Serum alkaline phosphatase declined in subject RA, 
and in both subjects urinary hydroxyproline excretion rose to levels 
at or above the upper limits seen in the previous untreated control 
subjects. No substantial changes were observed in the serum concen- 
trations of phosphorus or ionized calcium. No abnormalities were noted 
in urinalysis, complete blood count, creatinine clearance, partial 
thromboplastin time or the serum levels of glutamic oxalacetic tran- 
sfiinlnas6j bilirubin and glucose * 


nf u polyethylene glycol 4000 was supplied by Sandoz Products Ltd. 
P.O. Box Horsforth No. 4, Calverley Lone, Horsforth, Leeds, England. 
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High Dose EIIDP (20 mg/kg/day) 

During the first week of bed rest, both subjects (tm and TO) showed 
a sharp rise in urinary and fecal calcium excretion and a moderate de- 
• crease in urinary and fecal phosphorus excretion. In weeks 2 through 
12, the usual patterns of hypercalciuria, hyperphosphaturia and negative 
calcium and phosphorus balance were seen. During the last 8 weeks of 
bed rest, a major shift toward positive calcium and phosphorus balance 
occurred in both subjects. 

Urinary hydroxyproline excretion decreased during bed rest in 
distinct contrast to the rise which is usually seen. The serum phos- 
phorus level rose promptly, persisted at levels about 3 mg/dl above 
baseline during kllDP therapy and fell to normal after discontinuation 
of the drug. Serum alkaline phosphatase values tended to decline 
throughout the treatment period. Parathyroid hormone levels were 
slightly lower diiring bed rest than during baseline, but the differ- 
ences were not statistically significant. Serum total and ionized 
calcium concentrations were unchanged and the routine laboratory tests 
listed for the low dose group remained within normal limits. 

Calcaneus Scans ; 

subjects lost significant amounts of mineral from the 
calcaneus. These losses were well within the range of observations 
made in previous untreated subjects undergoing prolonged bod rest. 
Calcium Kinetic Studies ; 

Low Dose EHDP (5 nig/kg/day) 

Bone accretion rate remained constant or fell moderately during 
bed rest. Bone resorption rate increased markedly at weeks 5-6 and 
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dscllned toward the formation rate by weeks 18“19« Endogenous fecal 
calcium excretion increased dxiring bed rest, and there were decreases 
in gastrointestinal absorption of calcium and in the miscible calcium 
• pool size. 

High Dose EHDP (20 ra5/kg/day) 

Bone accretion and resorption rates fell progressively and in 
parallel fashion to levels 50^ below baseline by the end of bed rest. 
There was a decrease in the miscible calcium pool and an increase in 
gastrointestinal calcium absorption at the fifth week of the study; 
subsequent changes in gastrointestinal calcium absorption were inconsist- 
ent. 

Summary ; 

The effect of the diphosphonate EHDP on bone mineral metabolism was 
tested in foiu- healthy young men d\iring 20 weeks of continuous bed rest. 
Two subjects received 20 mg/kg/day and the other tv/o 5 mg/kg/day 
throughout the period of study . Administration of the drug in low dos- 
age had relatively little effect — it appeared that the usual increase 
in bone accretion rate during bed rest was prevented and there was a 
paradoxical accentuation of the bed rest induced increase in hydroxy- 
proline excretion. Skeletal mineral loss, assessed by calcium measure- 
ments and ganma ray absorptiometry of the calcaneus, occurred at the 
same rate previously noted in untreated control subjects. 

Two types of drug effect wei-e apparent at the higher dose: one 
was immediate and sustained — a rise in serum phosphorus concentra- 


tion and a fall in serum alkaline phosphatase activity. The other was 
delayed and progressive — a decline in urinary hydroxyproline excretion 
and in the rates of bone accretion and resorption. The usual negative 
‘mineral balance developed during the first half of the study, then 
disappeared during the last few weeks. However, calcaneal mineral 
losses, assessed by gamma ray absorptiometry, were not prevented. 
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study 5 

THE ROLE OF ORTHOSTATIC FACTORS IH THE LOSS OF 
BONE MINERAL DURING PROLONGED BED REST 

Specific Aims ; 

To determine 

1. whether orthostatic factors influence bone mineral 
loss diiring prolonged bed rest; and 

2. whether these factors can be manipulated to prevent 
demineralization. 

Significance of This Research ; 

Since various therapeutic attempts to prevent the no native calcium 
balance and loss of calcaneal density d\iring prolonged bed rest have 
met with only limited success, the role of hydrostatic forces v;ere 
examined. These forces can be simulated by an apparatus which provides 
lower body negative pressure (LBI'IP), and v/hich ds suitable for use 
during either bed rest or space flight. Amounts of lower body negative 
pressure as high as 50 mm Hg (alternating with 25 mm Hg every 2-4 
minutes) for 8 hours per day appear to be feasible (62-64). 

Plan of Research Study A ; 

Eleven subjects between the ages of 22-31 were studied. After a 
10-day equilibration period, four subjects had 4 weeks of ambulator^' 
control and seven had 2 weeks of ambulatory control. Then the sub- 
jects were put to bed for 4 or 6 weeks during which an orthostatic 
modification was attempted. 
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SUBJECTS 

LO 

KF 

NL 

SK 

BN 


Amb Control (wks) 

2 

2 

2 

2 

4 

Length of BR (wks) 

6 

6 

6 

6 

6 

Intervention 

BR only 

BR + static 
LBNPl 

BR + qxdet 
standings 

BR + quiet 
sittings 

quiet sitting; 
qks 5-6 LBNp5 

Reambulation 

Control 

0 

0 

0 

0 

0 


1. static lower body negative pressure (LBNP) was for 4 hours daily of 
-30 mm Hg in the morning and early afternoon 

2. Quiet standing was for 3 hours/day at 30 minute intervals: 7:30 a.m. , 
10:00 a.m., noon, 3:00 p.m., 5:00 p.m., 9:00 p.m. Shoes were taped 
to floor. 

3. Quiet sitting with legs dangling for 8 hours/day in fo\ar 2-hour 
shifts from 7:30 a.m. through 3.0:00 p.m. 

4. During bed rest weeks 5 and 6, quiet sitting was replaced by 4 hours 


of cyclic LBNP/day 

at -33 lig; 2 

minutes on and 

1 minute off. 





SUBJECTS 





GT 

TO’B 

RT 

GJ 

R3 

AM 

Amb Control (wks) 

4 

4 

• 4 

2 

2 

2 

Length of BR (wks) 

6+45 

6+6^ 

4 

4 

4 

4 

Intervention 

BR + 
C-LBNP 

BR + quiet 
standing 

BR + C-LBHP 
during wk I' 

BR + 

BR + 

DR + C-LBNP 
dui'j.nc wk 4 

Reambulation 

Control 

0 

0 

2 

2 

2 

2 


y 



5 . 


GT retiirned to U weeks of bed I’est only after a reainbulation 
period of U weeks. 

6. TO'B returned to 6 weeks of bed rest plus C-LBNP after a 
reambulation period of 6 weeks. 

Plan of Research Study B ; 

Five subjects (OC, DS, CS, EL, CJ) were studied before, durinc and 
after 6 weeks of bed rest as follows: 

Equilibrium period — 1 week. 

Ambulatory control phase — 3 weeks. 

Bed rest phase — 6 weeks. 

Recovery phase - 1 week. 

Total re-establishment of normal activity — 11 weeks. 

At the end of the 11 weeks of normal activity, this stiidy was re- 
peated on the same five subjects. Duriii(j bed rest, the five subjects 
were allocated to receive the following reeimcn: 

Subjects 1 and 2 of the first group (A) received no treat- 
ment dviring the first 12 weeks of the study, and (B) 
received 4 hoTirs per day of cyclic LBNP (2 ndnutes on; 1 
minute off at -50 Hg) during the bed rest of the third 12 
week period. 

Subjects i, 4 and 5 (A) received cyclic LBNP hours per 
day as described during the bed rest of the first 12 v/eoks 
of study, and (B) received no treatment dxiring the bed I'est 
of the third 12 weeks of stuuy. 


-46- 


Medicationa ; 

All subjects received a hexavitamin tablet once daily; dioctyl 
sodium svilfosuccinate (Colace ^ ) orally in a dose of 100 mg twice 
• daily to prevent constipation; polyethylene glycol 4000, a fecal marker, 
in an oral dose of 500 rag three times daily. 

LBNP Treatment ; 

A specially constructed box with a vacuum cleaner attached was 
used to expose the subjects to negative pressvire from the iliac crests 
to the toes. 

In study A subjects were supported in the LBKP box by a saddle. The 
LBNP was given at a constant -30 mm Hg over a 4 hour period. In studj' 

B each subject was supported by his feet resting comfortably on a foot 
board at the end of the box. The LBNP was given cyclicly over a 4 
hoiir period; 2 minutes on and 1 minute off at -50 mm Hg. The treatment 
was given during mid morning in either two 2-hour periods (study A) or 
one 4-hour period (study b). A trained attendant and a physician was 
with the subjects at all times dtiring the LBNP. Pulse and blood 
pressure were monitored at 0, 5> 15» 30 minutes and every additional 
30 minutes of LBNP 
Balance Diet ; 

The diet was prepared in the same fashion as in previous studios. 
The whole food diet v/as composed of seven daily menus, each consisting 
of three meals and an evening snack. On the average, the diet con- 
tained 1 gm of calcium and 1.5 gm of phosphorus. 


Results Study A ; 

The usual rise in tirine calcium and negative calcium balance was 
seen in the subjects treated with quiet sitting, quiet standing and 
V constant LBNP. By the end of the Uth week of bed rest, the mean urinary 
calcium for the two subjects (SK, BW) sitting 8 hours daily was 431 ± 29 
mg/day (X ± SEM). Urine calcium at 6 weeks of bed rest of KF vms 370 
mg/day. The two subjects', NL and TO'B who stood 3 hovirs/day, mean urine 
calcium was 270 ± 25 mg/day but had increased only 60 mg/day over the 
6 weeks. 

Calcium balance (delta change) was -I25 mg/day after 4 weeks for 
those sitting; -215 mg for NL and -77 mg for TO'B after 6 weeks of quiet 
standing; and -220 mg for KF after 6 weeks of constant LBNP. 

AM, RB, GJ, RI v/ho underwent only 4 weeks of bed rest and LO, 6 
weeks of bed rest, all showed increased urine calcivim by week 3 of bed 
rest (3l4 ± 56 mg/day). AM and RT received constant LBNP during the 
final week of bed rest. Both had slightly more tirine calcium than the 
previous week, 319 vs 315 mg/day. 

Calcium balance (delta change) was -I58 ± 50 mg/day after 3 weeks 
in all subjects. The two subjects who received constant LBNP during 
the 4th week of bed rest had a negative calcium balance of -l4S ± 39 mg/ 
day which was greater than the preceding bed rest untreated week. 

Significant change in urine calcium and increased negative calcium 
balance was seen in BN who during bed rest vms treated by 8 hours/day 
chair sitting for 4 weeks and then 2 weeks of cyclic LBNP (4th week 
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calcium balance -183 mg/dayj 6th week calcivun balance -I70 me/day). 

The two sxibjects who had cyclic LBNP both showed relatively no 
change in urine calcium or calcim balance when congjared with 
. ambvaatory control (urine calcium, ambulatory: C-LBNT TO'B, 218 mg/day 
vs 217 mg/day; GT 122 mg/day vs I5I mg/day; calcium balance TO'B, +42 
mg/day vs +17 mg/day; GT +85 mg/day vs 1 mg/day). 

Phosphorus Metabolism ; 

Phosphorus balance, change from baseline, became negative and 
urinary phosphorus increased in all. The subjects untreated or treat- 
ed v;ith constant LBNP during the last week of bed rest had a negative 
phosphorus balance of -39 ± 23 mg/day; those treated with LBNP for 6 
weeks, -94 ± I6 mg/day; 8 hours of quiet sitting, 28 ± 67 mg/day, and 
3 hotirs of quiet standing, -68 ± 28 mg/day. 

Other Metabolic Data ; 

Urine hydroxyproline excretion increased in all subjects comparable 
to that seen in bed rest alone 

Urine nitrogen excretion also increased. 

Creatinine clearance did not change throughout tlie study. 
phase B ; 

Calcium Metabolism — urinary calcium excretion rose from an aver- 
age baseline value of 2l8 ± 10 mg/day to a mean of 276 i 4 mg/day 
during untreated bed rest and 266 ± 3 mg during the 6 weeks of C-LBNP. 

Calcium balance became negative similarly in both treated and un- 
treated groups (-90 mg/day vs -82 mg/day). Mean serujn calcium was not 
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changed. 

Phosphorus Metabolism — both the urine excretion and phosphorus 
balance were similar in the treated vs the untreated groups. 

Other Metabolic Determinations — urinary hydroxyproline excretion 
increased over baseline by 10 mg/day in the untreated group and 12 mg/ 
day in the C-LBNP group. 

Urine nitrogen excretion increased similarly in both groups over 
ambulatory control period. 

Creatinine clearance remained the same throughout the study. 

General — the LBNP caused only minor problems to the subjects, 
e.g. passing of flatus and the feeling of cold feet. Several subjects 
complained of intermittent low back pain which was probably positional. 
Two subjects complained of scrotal pain which was relieved after a 
scrotal support garment v/as worn. Four subjects intermittently slept 
in the LBNP box. 

Partial protection from the orthostatism of bod rest was seen in 
Phase B study (65). 

Summary ; 

1. Cyclic LBNP did not prevent the negative calcium balance 
of bed rest. 

2. Hydrostatic forces do not play a major role in the main- 
tenance of bone homeostasis. 

3 . LBNP continuous at -33 mm Hg or cyclic at -50 inm Hg 
does not cause any major adverse effects. 


-50- 


REEERENCES 


1 . 


2 . 


3. 


4. 


5. 


6 . 


Deitrick OE, Wliedon GD, Shorr E: Effects of immobilization upon 

various metabolic and physiologic functions of normal man. Amer 

j Med 4:3, 1948. 

Goldsmith ES, Killian P, Ingbar SH, et al: Effect of 

supplementation during immobilization of normal men. Metabolism 

18:349, 1969 . 

Issekutz B, Blizzard JJ, Birkhead NC, et al.: 

ed bed rest on urinary calcium output. J Appl Physiol 21.1013, 

1966. 

Donaldson CL, Hulley SB, McMillan DE, et al.: The effect P^°" 

longed simvaated non-gravitational environment on “^neral balance 
in the adult male. NASA Tech Report CR-1083l4, CR-108315, and 
CR- 108316 , 1969 * 

Donaldson CL, Hulley SB, Vogel JM, et al. : The 

longed bed rest on bone mineral. M'^tabolism 19:1071, 1970. 

Hullev SB, Donaldson CL, Bayers JH, et al.: The effects of exercise 

^d supplemental phosphate on the bone ^ 

v>pd rest. NASA Technical Report Contract ^-81070, 1970. 


7. Wolff J: Das Gesetz der transformation der knochen, Berlin, A. 

Hirschwald, I892 

8 . Birge SJ, Whedon GD: In hypodynamics and hypogravics. New York 

and London, Academic Press, I968, p 213. 

9. Hattner RS, McMillan DE: Influence of weightlessness upon the 

;.keleton. Aerospace Med 39 1 849, I968. 


10 . 


Litwak L, Whedon GD, Lachance PA, et al. : 
nitrogen balance studies of the Gemini 7II 
space flight. J Clin Endocr 29:ll4o, I 969 . 


Electrolyte and 
fourteen-day orbital 


11 . 


Whedon GD, et al.: Mineral Metabolism During the Skylab Space 

Mission, proceedings of the Skylab Life Sciences Symposium, 19/"' 


12 . 


13. 


Hulley SB, Donaldson CL, Bayers JH, et al: The effects of exer- 

cise and supplemental phosphate on the bone mineral changes 
induced by bed rest. NASA Technical Report Contract #T-8l070, 1970. 

Hulley SB, Vogel JM, Donaldson CL, et al.: The effect of supple- 

mental oral phosphate on the bone mineral changes during prolonged 
bed rest. J Clin Invest 50:2506, .1971. 


14. VocgI JM: Effect of exercise and oral phosphate on the os calcis, 

radius, and ulna bone mineral durinc bedrest. NASA Technical 
Report Contract i^fT-8l073> 1970. 

15. Gimblet, EG, Marney AF, Bonsnes RW: Determination of calcium and 

magnesium in serum, urine, diet, and stool by atomic absorption 

* spectrophotometry. Clin Chem 13i20U, I96/. 

16. VJillis JB: Determination of calcium and magnesium in urine by 

atomic absorption spectroscopy. Annal Chem 33i556, 19ol* 

17. Fiske CM, SubbaRow Y: Colorimetric determination of phosphorus. 

J Biol Chem 66:375, 1925. 

18. Instruction Manual. Model 99-20 scrum calcium flow-thru system. 
Orion Research Inc., Cambridge, Mass, I969. 

19. Nishi HU, Rhodes A: In automation in analytical chemistry, LT 

Skeggs Ed, New York I966, p 321. 

20. Tietz NW, Green A: An automated procedure for the determination 

of phosphorus and alkaline phosphatase (Bodansky) in serum. 

Clin Chim Acta 9^392, 19^^* 

21. Autoanalyser Method File, Total Cholesterol N24a. 

22. Hoffman WJ: Autoanalyser modification method N-2b. J Biol Chem 

120:51, 1937. 

23. Kessler G, Lederer M: In automation in analytical chemistry, Tech- 

nicon Symposia, LT Skeggs Ed, Medical, Inc., Nev; York, p 3 1« 

24. Reddy, Jenkins, Thorn: Modification of the Reddy-Jenkins-Thorn 
method for the estimation of 17-hydroxycorticords in xu*ine. 
Metabolism 3t^*^89, 195^. 

25. Tashjian AH, Franz AG, Lee JD: pseudohypoparathyroidism: Assay 

of parathyroid hormone and thyrocalcitonin. Proc Nat Acad Sci 
USA 56:1138, 19^6. 

26. Tashjian AH, Howland DG, Melvin KEW, et al. : Immunoassay of human 

calcitonin: Clinical measurements, relationship to semm calcium 
and studies in patients with medullary carcinoma. Now Eng J Med, 
in press. 

26a. Arnaud CD, Tsao MI), Lll-ilediko T: RndloiiTimunoass".,'.’ of Imman para- 

thyroid hormone in soi'xun. J Clin Invest 50:21, 1971* 


27. Folin A, Wu M: A aystem of blood analysis. J Biol Chem 83:81, 

1919. 

28. Kivirikko KI, Laitinen 0, Prockop DJ: Modifications of a specific 

assay for hydroxyproline in xirine. Anal Biochem 19:249, I967. 

29. Vogel JM, Anderson JT: Rectilinear transmission scanning of 

’ irregvilar bones for quantification of mineral content. J 

Nuclear Med 13:13, 1972. 

30. Lamb LE: "Bone” In Hypodynamics and Hypogravics (M. McCally, Ed), 

Academic Press, N.Y. I968. 

31. Dunning MP, Plum F: Hyper calciuria following poliomyelitis. 

Arch Int Med 99:716, 1957. 

32. NASA Publication FHR 3458. 

33. Young D: unpublished studies. 

34. Freeman LW: The metabolism of calcitim in patients with spinal 

cord injuries. Ann Stirg 129: 117 > 19^9* 

35. Vogt FB, Mack PB, Johnson PC: Effect of Garments which provide 

work loads in preventing the cardiovascular deconditioning of bed 
res. Aerospace Med 38:1134, I967. 

36. Beard D, Gatts JD: Aerospace Medical Assoc, Americana Hotel, Bal 

Harbour, Florida, May 6-9 > 1968. 

37. Hantman, DA, Vogel JM, Donaldson CL, et al. : Attempts to prevent 

disuse osteoporosis by treatment with calcitonin, longitudinal 
compression and supplementary calcium and phosphate. The J of 
Clin Endocrinol & Metab. 36:845, 1973. 

38. Hansen JW, Gordan GS, Prussia SG: Direct measurement of osteo- 

lysis in man. J Clin Invest 52:304, 1973. 

39. Heaney RP, Whedon GD: Radiocalcium studies of bone formation rate 

in human metabolic disease. JCEM 18:1246, 1958. 

40. Bassett CAL, Donath A, Macagno F, et al. : Diphosphonates in the 

treatment of myositis ossificans. Lancet 2:Bli5, 1969* 

41. Cram RL, Barmada R, Gcho GW, et al.: Djphosphonatc treatment of 

calcinosis universalis. New Eng J Med 285:1012, 1971. 

42. Jowsey J, Rigga BL, Kelly PJ, ot al. : The treatment of osteoporosi 

with disodium othane-l-hydroxy-1, 1-diphosphonnte . J Lab Clin Med 
78:574, 1971. 


-53- 


43. Russell RGG, Smith R, Bishop MC, ot al.; Treatment of myositis 
ossificans proeressiva with a diphosphonate . Lancet 1:10, 1972. 

44. Smith R, Russell RGG, Bishop M: Diphosphonates and Facet's 

disease of bone. Lancet 2:945, 1971. 

45. Weiss IW, Fisher L, Phang JM: Diphosphonate therapy in a patient 

’ with myositis ossificans progressiva. Ann Int Med 74:933, I97I. 

46. Francis MD: The inhibition of calcium hydroxyapatite crystal 

growth of polyphosphonates and polyphosphates. Calc Tiss Res 
3:151, 1969. 

47. Francis MD, Russell RGG, Graham G, et al. : Diphosphonates inhibit 

formation of calcivun phosphate crystals in vitro and pathological 
calcification vivo . Science 165:1264, 1969. 

48. Russell RGG, Muhlbauer RD, Bisaz S., et al. : The influence of 

pyrophosphate, condensed phosphates, phosphonates and other phos- 
phate compounds on the dissolution of hydroxyapatite in vitro 
and on bone resorption induced by parathyroid hormoneTn tissue 
cultwe and in thyroparathyroidectomized rats. Calc Tiss Res 
6:183, 1970. 

49. Fleisch H, Russell RGG, Graham G, et al.: Diphosphonates inhibit 

hydroxyapatite dissolution ^ vitro and bone resorption in tissue 
culture and ^ vivo . Science 165:1262, 1969. 

50. Alcock NW: Inhibition of normal calcification in the rat. Fed 

Proc 29:1786 (abstr), I97O. 

51. Cabanela, ME, Jowsey J; The effects of phosphonates on experimental 
osteoporosis. Calc Tiss Res 8:ll4, I971. 

52. Cabanela ME, Jowsey J: The effect of diphosphonate on phosphate- 

induced bone loss and soft tissue calcification. Mayo din Froc 
46:492, 1971. 

53. Fleisch H, Bisaz S, Care AD, et al.: A review of the effects of 

phosphonates on calcim metaboli.sm. ^ Calcitonin I969. Proceed- 
ings of the second international symposium. London, July 21-24, 
1969. Springer-Verlag, New York, p 4o9, I970. 

54. Jowsey J, Holley KE, Linman JW: Effect of sodium etidronate in 

adult cats. J Lab and Clin Med 76:126, 1970. 

55. Michael WR, King V.R, Francis MD: Effectiveness of diphosphonates 

in preventing osteoporosis of disuse in the rat. Clin Orthop 

78.271, 1971. 


-54- 


56. Muhlbaucr RD, Russell RGG, Williams DA, et al.: The effects of 

diphosphonates , polyphosphates and calcitonin on 'immobilization 
osteoporosis' in rats. Europ J Clin Invest 1:336, 1971» 

• 57. King WR, Francis MD, Michael WR: Effect of disodinm ethane-1- ■ 

hydroxy-1, 1-diphosphonate on bone formation. Clin Orthop 
78:251, 1970. 

58. Lockwood DR, Laimnert JE, Vogel JM, et al.: Bone mineral loos 

during bed rest. In Proceedings of the international symposium 
on clinical aspects of metabolic bone disease, Henry Ford 
Hospital, Detroit, Michigan, J\uie 26 - 29 , 1972 . Excerpta Medica, 
Amsterdam, 1973 P l48. 

59. Hantman DA, Vogel JM, Donaldson CL: Attempts to prevent disuse 

osteoporosis by treatment v/ith calcitonin, longitudinal compression 
and supplementary calcium and phosphate. J Clin Endocrinol Metab 
36:29, 1973. 

60. Rambaut PC, Dietlein LF, Vogel JM^ et al.: Comparative study of 

two direct methods of bone mineral measxrrement . Aerospace Med 
43:646, 1972. 

61. Wilkinson R: Polyethylene glycol 4000 as a continuously acUnin- 

istered non-absorbable fecal marker for metabolic balance studies 
in human subjects. Gut 12:654, 1971. 

62. Stevens IM, Miller PB, Gilbert CA, et al. : InflU'jnce of long-term 

lower body negative pressxure on the circulatory function of man 
during prolonged bed rest. Aerospace Med 37:357, I966. 

63. Stevens PM, Miller PB, Lynch TN: Effects of lower body negative 

pressure on physiologic changes due to four weeks of hypoxic 
bed rest. Aerospace Med 37:466, I966. 

64. McCally M Piemme TE, Murray RH: Ti.lt table responses of human 

subjects following application of lower body negative pressure. 
Aerospace Med 37:1247, I966. 

65. Hyatt KH, Jacobson L, Schneider VS: Personal coimnunioations. 


